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[Designation of Document] Claims 
[Claim 1] 

A layered silicate characterized by being ion- 
exchanged with an organic onium ion at 50-100% of its ion- 
exchange capacity, and by having a specific surface area of 
2.5-200 m 2 /g. 
[Claim 2] 

A swelling layered silicate according to claim 1, 
characterized in that the organic onium ion is an organic 
onium ion represented by the following formula (1) . 

Rl— M — R 3 (i) 

(wherein R 1# R 2/ R 3 and R 4 each independently represent a 
CI -30 hydrocarbon group or a he teroatom- containing 
hydrocarbon group, M is a nitrogen or phosphorus atom, and 
any of Ri, R 2/ R3 and R 4 may optionally form a ring.) 
[Claim 3] 

A swelling layered silicate according to claim 2, 
characterized in that the organic onium ion of above 
formula (1) is a phosphonium ion wherein M is a phosphorus 
atom, or M is a nitrogen atom and any of Ri, R 2/ R3 and R 4 
form a ring as a heteroaromatic ion. 
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[Claim 4] 

A process for production of a layered silicate 
according to any one of claims 1 to 3 , characterized in 
that the organic onium ion-exchanged layered silicate is 
freeze dried using a medium with a melting point of at 
least -20°C and below 100°C. 
[Claim 5] 

A process for production of a layered silicate 
according to claim 4, characterized in that the medium 
according to claim 4 is a good dispersing medium for the 
layered silicate. 
[Claim 6] 

A resin composition comprising 100 parts by weight of 
a thermoplastic resin, and from 0.1 to 20 parts by weight 
as an inorganic component, i.e., ash, of a layered silicate 
according to claims 1 to 3, characterized in that the 
average number of layers of the layered silicate in the 
thermoplastic resin is 2-8 layers. 
[Claim 7] 

A resin composition according to claim 6, wherein the 
thermoplastic resin is at least one selected from the group 
consisting of polyesters, polyamides, polyimides, 
polycarbonates , polyphenylenesulf ides and polyolef in-based 
resins . 
[Claim 8] 
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A film comprising a resin composition according to 
claim 6 or 7 . 
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[Designation of Document] Specification 

[Title of the Invention] LAYERED SILICATE AND 

THERMOPLASTIC RESIN COMPOSITION CONTAINING IT 
[Technical Field] 
[0001] 

The present invention relates to an ion-exchanged 
layered silicate, to a process for its production, to a 
thermoplastic resin composition comprising the layered 
silicate and a thermoplastic resin. More specifically, the 
invention relates to an ion-exchanged layered silicate 
which can be suitably dispersed in a thermoplastic resin 
composition, and to a thermoplastic resin composition 
having the layered silicate suitably dispersed in a 
thermoplastic resin. 

[Background Art] 

[0002] 

Thermoplastic resins such as polyesters are used for 
a variety of purposes taking advantage of their excellent 
mechanical properties, moldability, heat resistance, 
weather resistance, light fastness, chemical resistance and 
the like. With advancing technology in recent years, 
however, even more superior properties are being required 
for resins depending on their intended uses. Recently, so- 
called "nanocomposites" , compositions having laminar 
compounds dispersed on the nanoscale in thermoplastic 
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resins, are drawing attention as a technique satisfying 
such demanded properties. Formation of nanocomposites can 
realize improvement in a variety of properties, including 
enhanced high heat resistance, high elasticity, flame 
retardance and gas barrier performance (for example, see 
Non- Patent Document 1) . Laminar compounds must be 

dispersed on the nanoscale in order to form nanocomposites, 
and a variety of methods have been attempted. In 
particular, nanocomposites which employ polyesters cannot 
achieve the same degree of dispersion as polyamides, and 
therefore various proposals have been made to exhibit the 
effect of nanocomposites. For example, for production of a 
polyester composite material having a laminar compound 
dispersed on a monolayer level, there has been disclosed 
the use of an organic cation having a functional group 
which is reactive with the polyester monomer, as an organic 
modified form of the laminar compound (See Patent Document 
1) . There has also been described a polyester resin 
composition comprising a uniformly dispersed molten mixture 
of a layered silicate in a polyester resin, while 
maintaining a layer structure of 5-20 layers with an 
interlaminar distance of 15-35 A (See Patent Document 2) . 
Generally, in order to realize excellent dispersibility in 
a system in which a layered silicate is hardly dispersed, 
such as a polyester system, such layered silicates are used 
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that an organic modified group is designed to improve the 
compatibility to the resin to be mixed, or the interlaminar 
distance is increased. 
[0003] 

[Patent Document 1] JP-A-9-48908 p. 2 
[Patent Document 2] JP-A-2001 -261947 p. 2 
[Non-Patent Document 1] Nakajo K. , "The World of 
Nanocomposites" , Kogyo Chosakai, 2000 

[Disclosure of the Invention] 

[Problems that the Invention is to Solve] 

[0004] 

An object of the present invention is to provide a 
layered silicate for readily forming a composition, in 
which a layered silicate having about from 2 to 8 layers is 
uniformly dispersed, with a thermoplastic resin in which a 
layered silicate is difficult to be uniformly dispersed, 
such as polyesters, and a process for its production. 
Another object of the invention is to provide a resin 
composition effective for forming resins and molded 
articles, such as films, excellent in heat resistance, 
elasticity, flame retardance, and gas barrier properties. 

[Means for Solving the Problems] 

[0005] 

Specifically, the present invention is a swelling 
layered silicate characterized by being ion-exchanged with 



8 



an organic onium ion at 50-100% of its ion-exchange 
capacity, and by having a specific surface area of from 2.5 
to 200 m 2 /g. Further, the invention is a process for 
production of the swelling layered silicate. The invention 
is a resin composition comprising from 0.1 to 20 parts by 
weight as an inorganic component, i.e., ash, of the layered 
silicate per 100 parts by weight of a thermoplastic resin, 
characterized in that the average number of layers of the 
layered silicate in the thermoplastic resin is 2-8 layers,. 
[0006] 

Preferred embodiments of the present invention are 
specifically described below. 

The layered silicate used for the invention 
preferably has a 2:1 form with an octahedral sheet 
structure containing Al, Mg, Li or the like sandwiched 
between two Si0 4 tetrahedral sheet structures, and 
specifically there may be mentioned smectite-based clay 
minerals such as saponite, hectorite, f luorohectorite , 
montmorillonite, beidellite or stevensite, swelling 
synthetic micas such as Li -type f luorotaeniolite , Na-type 
f luorotaeniolite, Na-type f luorotetrasilicic mica and Li- 
type f luorotetrasilicic mica, as well as vermiculite, 
f luorovermiculite, halloysite, swelling mica or the lik€>. 
These may be natural or synthetic materials. Among these, 
smectite-based clay minerals such as montmorillonite and 
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hectorite, Li-type f luorotaeniolite, Na-type 

f luorotetrasilicic mica or the like are preferred for use 
from the standpoint of cationic exchange capacity. 
[0007] 

The layered silicate of the present invention is 
obtained by ion-exchange of a layered silicate with an 
organic onium ion at 50-100% of its ion-exchange capacity. 
[0008] 

As organic onium ions, there are preferred quaternary 
onium ions such as phosphonium and ammonium, or 
heteroaromatic ions. More preferably, the organic onium 
ion is represented by the following formula (1) . 

[0009] 

[Chem. 1] 

Ri-M -R 3 w 

R4 

(wherein M is a nitrogen or phosphorus atom. R lt R 2 , R3 and 
R 4 each independently represent a CI -30 hydrocarbon group 
or a heteroatom- containing hydrocarbon group, or any of R 1# 
R 2 , R 3 and R 4 may optionally form a ring.) 
[0010] 

In the organic onium ion represented by formula (1) 
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above, M is preferably a phosphorus atom to form a 
phosphonium ion, or M is a nitrogen atom and any of Ri, R 2/ 
R 3 and R 4 form a ring as a heteroaromatic ion. 
[0011] 

As Cl-30 hydrocarbon groups, there may be mentioned 
alkyl groups and aromatic groups. As alkyl groups, there 
are preferred CI- 18 alkyl groups, with preferred examples 
being methyl, ethyl, n-propyl, n-butyl, n-dodecyl, n- 
tridecyl, n- tetradecyl , n-pentadecyl , n-hexadecyl, n- 
heptadecyl and n-octadecyl. As aromatic groups, there may 
be mentioned as examples phenyl, biphenyl, benzyl, tosyl 
groups and the like. Ri to R 4 may also have substituents 
which do not affect their thermal stability, such as methyl, 
ethyl, fluorine or chlorine. 
[0012] 

As specific examples of quaternary ammonium ions 
wherein M is a nitrogen atom, there may be mentioned as 
preferable tetraalkylammonium ions such as 

tetramethylammonium, tetraethylammonium, tetrabutylammonium, 
trie thy lbenzylammonium, tetraoctylammonium, 
t rime thy ldecylammonium, t rime thy ldodecylammonium, 

trimethylhexadecylammonium, trimethyloctadecylammonium, 
tributylmethylammonium, tributy ldodecylammonium, 

tributyloctadecylammonium, trioctylethylammonium, 
tributylhexadecylammonium, methyl triphenyl ammonium and 



11 



ethyl triphenylammonium . 
[0013] 

As specific examples of organic phosphonium ions 
wherein M is a phosphorus atom, there may be mentioned 
tetraethylphosphonium, triethylbenzylphosphonium, 
tetrabutylphosphonium, tetraoctylphosphonium 
t rime thy ldecylphosphonium, t rime thy ldodecylphosphonium, 

t rime thy lhexadecylphosphonium, 

trimethyloctadecylphosphonium, tributylmethylphosphonium, 
tributyldodecylphosphonium, tributyloctadecylphosphonium, 
trioctylethylphosphonium, tributy lhexadecylphosphonium, 

methyl triphenylphosphonium, ethyl triphenylphosphonium, 

diphenyldioctylphosphonium, triphenyloctadecylphosphonium, 
tetraphenylphosphonium and tributylallylphosphonium . 
[0014] 

When formula (1) above represents hydrocarbon groups 
containing hetero atoms, at least some of the Cl-3 0 
hydrocarbon groups Ri, R 2/ R3 and R 4 are preferably one or 
more selected from the group consisting of Cl-3 0 hydroxyl- 
substituted hydrocarbon groups, alkoxy- substituted 
hydrocarbon groups, phenoxy- substituted hydrocarbon groups 
or imide-substituted hydrocarbon groups. The following 
substituents and their isomers may preferably be mentioned 
as examples . 
[0015] 
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Examples of hydrocarbon groups having hetero atom- 



following formulas, a and b are each independently integers 
of 1-29, and the numbers of carbon atoms in the 
substituents are no greater than 30. c is an integer of 3- 
30 . ) 
[0016] 

Hydroxyl- substituted hydrocarbon groups: 
[Chem. 2] 



containing substituents are listed below. 



(In the 






[0017] 



Alkoxy- substituted hydrocarbon group: 



[Chem. 3] 




[0018] 



Phenoxy- substituted hydrocarbon group: 



[Chem. 4] 
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[0019] 

Imide- substituted hydrocarbon groups: 
[Chem. 5] 

O 

-^ ch ^ n cO ~^ ch ^ 

o 

[0020] 

For cases in which R lf R 2 , R 3 and R 4 form a ring to 
constitute a heteroaromatic ion, there may be mentioned 
organic onium ions comprising pyridine derivatives such as 
pyridine , methylpyridine , ethylpyridine , dimethylpyridine , 
hydroxypyridine and dimethylaminopyridine , imidazole 
derivatives such as imidazole, methylimidazole , 
dimethylimidazole, ethylimidazole and benzimidazole , and 
pyrazole derivatives such as pyrazole, methylpyrazole , 
dimethylpyrazole , ethylpyrazole and benzpyrazole . 
[0021] 

Examples of imidazole derivatives include alkyl- 
substituted imidazolium ions such as N-methylimidazolinium, 
N- ethyl imidazolinium, N-hexylimidazolinium, N- 

octylimidazolinium, N-dodecylimidazolinium and N- 

hexadecylimidazolinium, and the aforementioned structures 
given as examples of hydrocarbon groups having heteroatom- 
containing substituents , as N-substituted imidazolium 
groups or their alkyl- substituted forms. 
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[0022] 

The aforementioned organic onium may be used alone or 
in combinations. As organic onium ions, there are 
preferred those having a phosphonium or imidazolium 
structure from the standpoint of heat resistance of the 
swelling layered silicate. More preferred specific 

examples of organic onium include alkylphosphonium ions 
such as tetrabutylphosphonium, tetraoctylphosphoniurn, 
t r ibuty Idodecy lphosphonium and t r ibutylhexadecylphosphonium , 
or alkyl-substituted imidazolium ions such as N- 
methylimidazolinium, N- ethyl imidazolinium, N~ 

hexylimidazolinium, N-octyl imidazolinium, N- 

dodecylimidazolinium and N-hexadecylimidazolinium, as well 
as the following onium wherein some of the alkyl groups is 
replaced with an imide- substituted hydrocarbon group. 
[0023] 
[Chem. 6] 



4 n 9 



C4H9— P. + | CH 2^N 




C 4 H 



4 n 9 




C 8 H 
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C8 H 17 

-P|+^CH 2 ^-N. 
C 8 H 17 





[0024] 
[Chem. 7] 
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o 




o 



(In the following formulas, a and b are each independently 
integers of 1-29, and the numbers of carbon atoms in the 
substituents are no greater than 30. c is an integer of 3- 
30 . ) 

[0025] 

In the substituents mentioned above, the preferred 
values for a, b, and c may differ depending on the type or 
combination of dispersing clay or thermoplastic resin. 
[0026] 

The layered silicate of the invention is ion- 
exchanged with such an organic onium at 50-100% of the 
cation-exchange capacity of the layered silicate. The 
cation-exchange capacity of the layered silicate may be 
measured by a conventional publicly known method, but a 
suitable ion-exchange capacity of the layered silicate used 
for the invention is about 0.2-3 meq/g, among the layered 
silicates mentioned above. A cation- exchange capacity of 
at least 0.2 meq/g is advantageous from the viewpoint of 
dispersibility, since the introduction rate of the organic 
onium will be increased. Conversely, a capacity of no 
greater than 3 meq/g is preferred in order to facilitate 
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introduction of the organic onium for producing the layered 
silicate of the invention. The cation- exchange capacity is 
more preferably 0.8-1.5 meq/g. The layered silicate of the 
invention is ion- exchanged with the organic onium described 
above at 50-100% of the cation-exchange capacity. The 
cation-exchange rate may be calculated by the following 
formula (2) : 

Ion-exchange rate (%) = {X/ (Y x M x (100-X))} x 100 

(2) 

[0027] 

Herein, X is the reduction rate (%) measured with a 
differential thermogravimeter by Rigaku Corp., M is the 
molecular weight (g/mol) of the modifying agent (molecular 
weight of the phosphonium salt, herein) . Y is the cation- 
exchange capacity (eq/g) (109 meq/100 g in the case of 
Kunipia F) . 
[0028] 

The presence or absence of onium not contributing to 
cat ion- exchange of the layered silicate of the invention 
can be confirmed based on measurement of the presence or 
absence of counter ion of the onium compound used as the 
starting material, using conventional publicly known 
methods such as fluorescent X-ray or atomic absorption 
analysis . 
[0029] 
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The cation-exchange rate in the invention is 50-100%. 
A cation-exchange rate of at least 50% is advantageous from 
the standpoint of dispersibility since the introduction 
rate of the organic onium with respect to the layered 
silicate will be increased. A cation-exchange rate of no 
greater than 100% is advantageous from the standpoint of 
thermal stability since this will exclude counter ions of 
the onium compound used as the starting material. The 
cat ion- exchange rate is more preferably 55-99% and even 
more preferably 60-99%. 
[0030] 

The layered silicate of the invention preferably has 
a 5 wt% weight reduction temperature of 310°C or higher, as 
measured by differential thermogravimeter in a nitrogen 
atmosphere with a temperature -elevating rate of 20°C/min. 
If the 5 wt% weight reduction temperature is lower than 
310°C / the decomposition during melt kneading with the 
thermoplastic resin will be significant, often resulting in 
poorer resin properties such as re-aggregation of the 
layered silicate and generation of decomposition gas. From 
this viewpoint, the 5 wt% weight reduction temperature is 
preferably as high as possible, and in consideration of the 
structure of an onium imparting satisfactory dispersibility 
to the layered silicate of the invention, it is preferably 
330°C or higher, more preferably 340°C or higher and even 
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more preferably 350°C or higher. 
[0031] 

The layered silicate of the invention is 
characterized by having a specific surface area of 2.5-200 
m 2 /g. The specific surface area can be determined by the 
BET method using nitrogen. A specific surface area of 2.5 
m 2 /g or greater will improve the dispersion efficiency for 
melt kneading with resins, to obtain a thermoplastic resin 
comprising a layered silicate and thermoplastic resin in a 
satisfactory uniform dispersion. Conversely, if the 
specific surface area is greater than 200 m 2 /g, the fine 
particles will have an excessively large specific surface 
area and high density, and it will be difficult to manage 
as powder, which is not preferred. The specific surface 
area is more preferably 3-10 m 2 /g, further preferably 4- 
80m 2 /g, and still further preferably 5-50 m 2 /g. 
[0032] 

The layered silicate of the invention may be produced 
by freeze drying an organic onium -exchanged layered 
silicate using a medium with a melting point of at least - 

20°C and below 100°C. 
[0033] 

The method of cation exchange of the layered silicate 
with the organic onium may be a conventional publicly known 
method. Specifically, the layered silicate as a starting 
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material may be dispersed in a polar solvent such as water, 
ethanol or methanol, and the organic onium, or a solution 
containing the organic onium, is added thereto. The 
preferred concentration of the layered silicate for the 
modifying reaction is 0.1-5 wt%, and the reaction with the 
organic onium dissolved is preferred. The concentration 
lower than 0.1 wt% is not preferred from the viewpoint of 
manageability, because the total amount of the solution 
will be too great. The concentration higher than 5 wt% is 
also not preferred, because the viscosity of the layered 
silicate dispersion will become too high, thus lowering the 
cation- exchange rate. The concentration of the layered 
silicate is more preferably 0.5-4.5 wt% and even more 
preferably 1-4 wt%. The temperature for the cation- 
exchange reaction is preferably about 20-80°C in the case 
of water, for example, for a viscosity sufficiently low to 
allow stirring of the layered silicate dispersion. 
[0034] 

The layered silicate of the invention may be produced 
by freeze drying an organic onium -exchanged layered 
silicate using a liquid with a melting point of at least - 
2 0°C. The medium used for freeze drying preferably has a 
melting point of at least -20°C. If the melting point is 
lower than -2 0°C, the freezing temperature for the medium 
will be too low, thereby reducing the medium elimination 
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efficiency. Examples of preferred media to be used for 
freeze drying include water, benzene, cyclohexane, 
cyclohexanone, benzyl alcohol, p-dioxane, cresol, p-xylene, 
acetic acid and cyclohexanol . The layered silicate 
dispersion used for the freeze drying may be the same type 
used for the cation-exchange reaction, or it may be a 
medium in which the cation-exchanged layered silicate 
satisfactorily disperses. Particularly in the case of a 
medium in which the layered silicate satisfactorily 
disperses, the freeze drying can be carried out with the 
layered silicate layers kept in a separated state, thereby 
vastly increasing the specific surface area. The freeze 
drying is carried out by freezing the dispersion comprising 
the layered silicate and then removing the medium under 
reduced pressure. Generally, the layered silicate is added 
to about from 0.5% to 70% of a solvent. If the solvent is 
a good solvent, the concentration range may be about 0.1-50 
wt%. When the concentration is higher than the range, the 
solution concentration is high and gelling may occur, which 
is not preferred. It is preferably 0.5-30% and most 
preferably 1%-10 wt% . There is no particular restriction 
on the type of freeze dryer, and a commercially available 
freeze dryer may preferably be used. 
[0035] 

Here, "satisfactory dispersion" means a state in 
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which the layered silicate is free and swelled in a good 
dispersing medium, and this can be judged by the TEM 
measurement method of Shomer et al. (C. and Clay Minerals, 
Vol.26, 135-138(1978)), or by a method of measuring 
interlaminar distance by wide-angle X-ray measurement. The 
degree of satisfactory dispersion is preferably an 
interlaminar distance of at least 1 nm for the layered 
silicate as determined by X-ray measurement in the good 
dispersing medium. 
[0036] 

Freeze drying carried out in this manner can produce 
a layered silicate according to the invention. 
[0037] 

The resin composition of the invention is a resin 
composition comprising 0.1 to 20 parts by weight as an 
inorganic component, of a layered silicate per 100 parts by 
weight of a thermoplastic resin, characterized in that the 
layered silicate is ion-exchanged with an organic onium ion 
at 50-100% of its ion-exchange capacity, and the average 
number of layers of the layered silicate in the 
thermoplastic resin is 2-8 layers. 
[0038] 

The resin composition of the invention is a resin 
composition comprising from 0.1 to 20 parts by weight as an 
inorganic component, i.e., ash, of the layered silicate 
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described above per 100 parts by weight of a thermoplastic 
resin. The inorganic component is the residue remaining 
after thermogravimetric analysis in air up to 8 0 0°C. An 
inorganic component content of at least 0.1 part by weight 
is preferred in order to exhibit the effect of adding the 
layered silicate. It is also preferably no greater than 20 
parts by weight for melt molding of the obtained 
thermoplastic resin composition. From this viewpoint, the 
inorganic component content is more preferably 0.5-12 parts 
by weight and even more preferably 1-8 parts by weight as 
inorganic component with respect to 100 parts by weight of 
the thermoplastic resin. 
[0039] 

There are no particular restrictions on the 
thermoplastic resin used for the invention so long as it is 
a thermoplastic resin capable of being melt molded, but it 
preferably comprises a group selected from polyesters, 
polyamides , polyimides , polycarbonates , 

polyphenylenesul fides and polyolef in-based resins. 
[0040] 

A polyester is the product of polycondensation of a 
dicarboxylic acid and/or its derivative with a diol, or a 
hydroxycarboxylic acid-derived product, or a copolymer of 
the foregoing. As dicarboxylic acid components for the 
polyester, there may be mentioned aromatic dicarboxylic 
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acids such as terephthalic acid, isophthalic acid, 
orthophthalic acid, 2 , 6-naphthalenedicarboxylic acid, 2,7- 
naphthalenedicarboxylic acid, 1, 5 -naphthalenedicarboxylic 
acid, 4 , 4 1 -biphenyldicarboxylic acid, 2,2'- 

biphenyldicarboxylic acid, 4,4' -diphenyletherdicarboxylic 
acid, 4 , 4 ' -diphenylmethanedicarboxylic acid, 4,4'- 
diphenylsulf onedicarboxylic acid, 4,4'- 

diphenylisopropylidenedicarboxylic acid and 5- 

sodiumsulf oisophthalic acid, aliphatic dicarboxylic acids 
such as oxalic acid, succinic acid, adipic acid, sebacic 
acid, dodecanedicarboxylic acid, octadecanedicarboxylic 
acid, maleic acid and fumaric acid, and cyclic aliphatic 
dicarboxylic acids such as 1 , 4 -cyclohexanedicarboxylic acid 
As diols, there may be mentioned aliphatic diols such as 
ethylene glycol , 1,2 -propyleneglycol , 1,3 -propyleneglycol , 
1 , 3 -butanediol , 1,4 -butanediol , 2 , 2 -dimethylpropanediol , 
neopentyl glycol, 1 , 5-pentadiol , 1 , 6-hexanediol , 1,8- 
octanediol, 1, 10 -decanediol , 1, 4 -cyclohexanedimethanol , 
1 , 3 -cyclohexanedimethanol , 1 , 2 -cyclohexanedimethanol , 

trimethylene glycol, tetramethylene glycol, pentamethylene 
glycol, octamethylene glycol, diethylene glycol and 
dipropylene glycol, and diphenols such as hydroquinone , 
resorcinol, bisphenol A and 2, 2 -bis (2 

hydroxyethoxyphenyl) propane . As hydroxycarboxylic acids , 
there may be mentioned aromatic hydroxycarboxylic acids 
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such as p-hydroxybenzoic acid, p-hydroxyethoxybenzoic acid, 
6 -hydroxy- 2 -naphthoic acid, 7 -hydroxy- 2 -naphthoic acid and 
4 ' -hydroxy- biphenyl- 4 -carboxylic acid. 
[0041] 

As specific examples of preferred polyesters, there 
may be mentioned polyethylene terephthalate (PET) , 
polybutylene terephthalate , polycyclohexylenedimethylene 
terephthalate, polyethylene- 2 , 6-naphthalate, polybutylene 
naphthalate , polyethyleneisophthalate- terephthalate 

copolymer , p-hydroxybenzoic acid- 6 -hydroxy- 2 -naphthoic acid 
copolymer or the like. 
[0042] 

A polyamide is the product of polycondensation of a 
dicarboxylic acid and/or its derivative with a diamine, or 
an aminocarboxylic acid-derived product, or a copolymer of 
the foregoing. As carboxylic acid components for 

polyamides, there may be mentioned aliphatic dicarboxylic 
acids such as adipic acid, sebacic acid, 

dodecanedicarboxylic acid and octadecanedicarboxylic acid, 
cyclic aliphatic dicarboxylic acids such as 1,4- 
cyclohexanedicarboxylic acid, and aromatic dicarboxylic 
acids such as terephthalic acid, isophthalic acid, 
orthophthalic acid, 2 , 6 -naphthalenedicarboxylic acid, 2,7- 
naphthalenedicarboxylic acid, 1, 5 -naphthalenedicarboxylic 
acid, 4 , 4 ' -biphenyldicarboxylic acid, 2,2'- 
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biphenyldicarboxylic acid, 4,4' -diphenyletherdicarboxylic 
acid, 4 , 4 ' -diphenylmethanedicarboxylic acid and 4,4'- 
diphenylsulf onedicarboxylic acid. As diamines, there may 
be mentioned aliphatic diamines such as butanediamine, 
pentanediamine , hexanediamine , heptanediamine , 

nonanediamine and dodecanediamine, substituted aliphatic 
diamines such as trimethyl-1, 6 -hexanediamine , and aromatic 
diamines such as m-phenylenediamine , p-phenylenediamine , 
1 , 4 -diaminonaphthalene , 1 , 5 -diaminonaphthalene , 1,8- 

diaminonaphthalene, 2, 6 -diaminonaphthalene , 2,7- 

diaminonaphthalene, 3,3 ' -diaminobiphenyl , 4,4 1 - 

diaminobiphenyl , 4,4'- diaminobenzophenone , 3,3'- 

diaminodiphenylether , 3,4' -diaminodiphenylether , 4,4'- 
diaminodiphenylether , 3,3' - diaminodiphenylme thane , 4,4 ' - 
diaminodiphenylmethane , 3,3' -diaminodiphenylsulf one , 4 , 4 ! - 
diaminodiphenylsulf one , 3,3' -diaminodiphenylsulf ide , 4,4'- 
diaminodiphenylsulf ide, 4,4' -diaminodiphenylthioether , 1,3- 
bis (3 -aminophenoxy) benzene, 1, 3 -bis (4 -aminophenoxy) benzene, 
1, 4 -bis (3 -aminophenoxy) benzene, 1, 4 -bis (4- 

aminophenoxy) benzene, 1, 1-bis (4 -aminophenyl ) ethane and 2,2- 
bis (4 -aminophenyl) propane . These may be used alone or in 
combinations. As aminocarboxylic acids, there may be 
mentioned aliphatic aminocarboxylic acids such as 6- 
aminohexanoic acid and 12 -aminododecanoic acid, and 
aromatic aminocarboxylic acids such as p-aminobenzoic acid, 
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6 -amino- 2 -naphthoic acid and 7 -amino- 2 -naphthoic acid. 
[0043] 

Specific preferred examples of polyamides include 
aliphatic polyamides such as nylon-6,6, nylon-6 and nylon- 
12, semi-aromatic polyamides such as polyhexamethylene 
terephthalamide and polyhexamethylene isophthalamide , and 
their copolymers. 
[0044] 

A polyimide is the product of polycondensation of a 
tetracarboxylic acid and/or its derivative with a diamine, 
or an aminodicarboxylic acid-derived product, or a 
copolymer of the foregoing. As tetracarboxylic acid 
components for the polyimide, there may be mentioned 
pyromellitic acid, 1,2,3, 4 -benzenetetracarboxylic acid, 



2 , 2 1 , 3 , 3 1 -benzophenonetetracarboxylic acid, 


2,3 ' 


,3,4' - 


benzophenone tetracarboxylic 


acid, 


3,3 » 


,4,4'- 


benzophenonetetracarboxylic 


acid, 


3,3 1 


,4,4' - 


biphenyl tetracarboxylic 


acid, 


2,2 ' 


,3,3'- 


biphenyl tetracarboxylic 


acid, 


2,3, 


3 ■ ,4 ' - 


biphenyl tetracarboxylic 


acid, 


1, 


2,4,5- 


naphthalene tetracarboxylic 


acid, 


1, 


2,5,6- 


naphthalene tetracarboxylic 


acid, 


1, 


2,6,7- 


naphthalene tetracarboxylic 


acid, 


1, 


4,5,8- 
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acid, 


2, 


3,6,7- 


naphtha 1 ene t e t r ac arboxy 1 i c 


acid, 


3,4 


,9,10- 
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perylenetetracarboxylic acid, bis ( 2 , 3 -dicarboxyphenyl) ether, 
bis (3 , 4 -dicarboxyphenyl) ether, bis (2,3- 

dicarboxyphenyl ) methane , bis (3,4- dicarboxyphenyl ) methane , 
bis (2 , 3 -dicarboxyphenyl) sulf one, bis (3,4- 

dicarboxyphenyl) sulf one, 1, 1-bis (2 , 3 -dicarboxyphenyl ) ethane, 
1 , 1-bis (3 , 4 -dicarboxyphenyl) ethane , 2,2-bis(2,3- 
dicarboxyphenyl) propane, 2, 2 -bis (3,4- 

dicarboxyphenyl) propane , 1,1,1,3,3, 3 -hexaf luoro-2 , 2- 

bis (3 , 4 -dicarboxyphenyl) propane dianhydride and bis (3,4- 
dicarboxyphenyl) dimethylsilane dianhydride. As diamines, 
there may be mentioned aliphatic diamines such as 
butanediamine , pentanediamine , hexanediamine , 

heptanediamine, nonanediamine and dodecanediamine , and 
substituted aliphatic diamines such as isophoronediamine 
and trimethyl-1, 6 -hexanediamine . These may be used alone 
or in combinations. As aminodicarboxylic acids, there may 
be mentioned aliphatic aminocarboxylic acids such as 6- 
aminohexanoic acid and 12 -aminododecanoic acid. 
[0045] 

Specific preferred examples of polyimides include 
paradodecame thy 1 enepyrome llitic imide and 

paraundecamethylenepyromellitic imide. Examples of 

preferred commercially available products include ULTEM, 
trade name, (polyetherimide) and the like. 
[0046] 
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Examples of polycarbonates include polycarbonates 
composed of various bisphenols. As bisphenols, there may 
be mentioned bis (4 -hydroxyaryl) alkanes such as bis (4- 
hydroxypheny 1 ) methane, 2, 2 -bis ( 4 -hydroxyphenyl) propane, 

1 , 1-bis (4 -hydroxyphenyl) ethane , 2,2 -bis (4 -hydroxy- 3 - 

methylphenyl) propane, 2, 2 -bis (4 -hydroxyphenyl ) heptane, 2,2- 
bis (4 -hydroxy- 3 , 5 -dichlorophenyl ) propane, 2 , 2 -bis (4 - 

hydroxy- 3, 5 -dibromophenyl ) propane , bis (4- 

hydroxyphenyl) phenylme thane , 4 , 4 1 -dihydroxyphenyl- 1 , 1 1 -m- 
diisopropylbenzene and 4,4' -dihydroxyphenyl- 9 , 9-f luorene, 
bis (hydroxyaryl) cycloalkanes such as 1, 1-bis (4- 

hydroxyphenyl) cyclopentane , 1 , 1-bis (4 - 

hydroxyphenyl) cyclohexane, 1 -methyl- 1- ( 4 -hydroxyphenyl ) -4- 
( dimethyl -4 -hydroxyphenyl) -methyl - cyclohexane , 4 - [1- [3- (4- 
hydroxyphenyl) -4 -methylcyclohexyl] - 1-methylethyl] -phenol, 
4,4'- [l-methyl-4- (1-methylethyl) -1, 3 -cyclohexanediyl] - 
bisphenol and 2 , 2 , 2 ' , 2 ' - tetrahydro-3 , 3 , 3 ' , 3 ' - tetramethyl- 
1 , 1 1 -spirobis- [lH-indene] -6,6' -diol , dihydroxyaryl ethers 
such as bis (4 -hydroxyphenyl) ether, bis (4 -hydroxy-3 , 5- 
dichlorophenyl) ether and 4,4' -dihydroxy- 3 , 3 ■ -dime thy lphenyl 
ether, dihydroxydiaryl sulfides such as 4,4'- 
dihydroxydiphenyl sulfide and 4 , 4 ' -dihydroxy- 3 , 3 ? - 
dimethyldiphenyl sulfide, dihydroxydiaryl sulfoxides such 
as 4,4' -dihydroxydiphenyl sulfoxide and 4,4' -dihydroxy- 
3,3' -dimethyldiphenyl sulfoxide, and 
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dihydroxydiarylsulf ones such as 4,4'- 

dihydroxydiphenylsulf one and 4,4' -dihydroxy-3 , 3 ' - 

dimethyldiphenylsulf one . Preferred among these from the 
standpoint of physical properties and cost are 
polycarbonates comprising 2, 2 -bis (2 ' -hydroxyphenyl ) propane . 
[0047] 

A polyphenylenesulf ide has aromatic rings polymerized 
with sulfide bonds, and there may be mentioned as examples 
branched or straight-chain polyphenylenesulf ides and their 
copolymers. Specifically, there may be mentioned para- 
phenylenesulf ide , meta-phenylenesulf ide and their polymers, 
and copolymers having in the molecule ether units, sulfone 
units, biphenyl units, naphthyl units, substituted 
phenylsulf ide units or trif unctional phenylsulf ide units 
which are copolymerizable therewith. Para-phenylenesulf ide 
is preferred among these. 
[0048] 

As polyolef in-based resins, there may be mentioned 
non-alicyclic polyolef ins such as polyethylene, 
polypropylene and poly (4-methylpentene-l) , and alicyclic 
polyolef in-based resins such as norbornene-a-olef in 
copolymers , dicyclopentadiene-a-olef in copolymer hydride, 
ring-opening polymer hydrides of norbornene derivatives or 
tetracyclododecene derivatives and hydrogenated 

polystyrene-based resins. Specific examples include 
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norbornene derivative-a-olef in copolymers such as TOPAS by 
Ticona Co. and APEL by Mitsui Chemical Co., Ltd., and ring- 
opening polymer hydrides of norbornene derivatives or 
tetracyclododecene derivatives, such as ZEONEX and ZEONOR 
by Nippon Zeon Co., Ltd. or ARTON by JSR Corp. 
[0049] 

In the resin composition of the invention, the 
layered silicate constituting the resin composition is ion- 
exchanged with an organic onium ion at 50-100% of its ion- 
exchange capacity, and the resin composition can be 
produced by melt kneading the thermoplastic resin with the 
layered silicate of the invention as a starting material, 
as described below. 
[0050] 

The resin composition of the invention is 
characterized in that the average number of layers of the 
layered silicate in the thermoplastic resin is 2-8 layers. 
The average number of layers of the layered silicate may be 
determined by utilizing the scattering angle and half-value 
width of the scattering peak due to scattering between 
layered silicate layers in X-ray scattering, calculating 
the interlaminar distance and layer thickness, and dividing 
the layer thickness by the interlaminar distance. The 
method of determining the layer thickness from the half- 
value width may utilize the Scherrer formula shown as 
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formula (3) below. 

D = K-AypcosO (3) 
D: Crystallite size 
X: Measuring X-ray wavelength 
p: Half -value width 
0: Bragg angle of diffraction line 
K: Scherrer constant 
[0051] 

When the layered silicate is separated into a single 
layer, it will not be detected by this method, but 
confirmation of an average number of layers of 2-8 layers 
in the resin composition is sufficient for the purpose of 
the invention. A single layer may also be included in the 
composition so long as the moldability, and especially the 
flow property of the composition is not impaired, but 
because the flexural modulus usually decreases with a 
smaller layer thickness, single layer- separated layered 
silicate in the resin composition of the invention 
preferably constitutes no more than 50% and more preferably 
no more than 3 0% of the total, based on the number of 
single layers of the layered silicate. This number can be 
estimated by determining the average numerical ratio using 
a transmission electron microscope. When the average 
number of layers is small, as mentioned above, a smaller 
layer thickness reduces the flexural modulus. On the other 
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hand, an average number of layers exceeding 8 results in 
inadequate dispersion of the layered silicate, thus 
reducing the effect of improving physical properties by 
dispersion of the layered silicate. The average number of 
layers is more preferably 3-7, even more preferably 3.5-6 
and still more preferably 4-5. 
[0052] 

The resin composition of the invention may be 
produced by mixing a thermoplastic resin with the layered 
silicate of the invention that has been ion-exchanged with 
an organic onium ion. The method of mixing the layered 
silicate and the thermoplastic resin may be a method of 
melt kneading the layered silicate with the thermoplastic 
resin using a single-screw, twin-screw extruder, or Labo 
Plastomill, or a method of dispersing the layered silicate 
with the thermoplastic resin starting material or 
polymerization solvent during the polymerization reaction 
for the thermoplastic resin, to obtain a composition. 
While a satisfactory dispersion can be obtained by either 
method, a method of melt kneading of the layered silicate 
with the thermoplastic resin is preferred from the 
standpoint of minimizing the heat history of the ion- 
exchanged layered silicate. The melt kneading method may 
be, for example, a method of pre -mixing the layered 
silicate with powder or granules of the thermoplastic resin 
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and melt kneading them together, or a method of adding the 
layered silicate to the molten thermoplastic resin using a 
side feeder or the like and melt kneading them. 
[0053] 

The ion-exchanged layered silicate of the invention 
is characterized by having a large specific surface area, 
and therefore it is possible to disperse the layered 
silicate to a high degree even if a melt kneading method is 
applied to a thermoplastic resin, in which a layered 
silicate is poorly dispersible. This will permit suitable 
usage for purposes in which surface properties are 
important, for example, for various molding resin materials 
such as fibers, films and the like. 
[0054] 

The resin composition of the invention can be melt 
molded according to a conventional publicly known process. 
The melt molding temperature is preferably between the flow 
start temperature of the thermoplastic resin (the glass 
transition temperature for an amorphous resin, or the 
melting point for a crystalline resin) and 350°C, more 
preferably between (flow start temperature + 5)°C and 330°C, 
and even more preferably between (flow start temperature + 
10) °C and 320°C. The temperature lower than the flow start 
temperature is not preferred, because this will render melt 
molding difficult, while the temperature higher than 350°C 
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is also not preferred, because this will result in intense 
decomposition of the ion-exchanged layered silicate. 
[0055] 

The film- like molded article melt molded as described 
above is preferably further stretched. As the stretching 
method for the film-like molded article, there may be 
preferably mentioned a method of successive or simultaneous 
stretching in a uniaxial direction or biaxial directions. 
More specifically, the stretching temperature is preferably 
between the glass transition point of the resin composition 
and the glass transition point + 90°C, more preferably 
between the glass transition point of the resin composition 
and the glass transition point + 70°C, and even more 
preferably between the glass transition point and the glass 
transition point + 60°C. A too low or too high stretching 
temperature is not preferred because it will be difficult 
to produce a uniform film. The stretching percentage is 
preferably between a factor of 2 and 10, more preferably 
between a factor of 4 and 7 0 and even more preferably 
between a factor of 6 and 50, in terms of the plane factor. 
[0056] 

According to the invention, if the thermoplastic 
resin is crystalline, it is preferred to promote and 
consolidate crystallization of the resin composition by 
heat treatment after stretching orientation of the film. 
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The heat treatment temperature is preferably between the 
glass transition point and the melting point of the 
polyester. A more preferred temperature may be determined 
in consideration of the crystallization temperature of the 
obtained film and the physical properties of the obtained 
film. 

[Effect of the Invention] 
[0057] 

The thermoplastic resin composition of the invention 
has a high degree of dispersibility of the layered silicate 
and exhibits excellent heat resistance, gas barrier 
properties, flame retardance, elasticity and toughness, and 
can be used for various molded articles, fibers and films. 

[Examples] 

[0058] 

The present invention will now be explained in 
greater detail by the following examples, with the 
understanding that the invention is in no way restricted by 
these examples. 
[0059] 

(1) Layered silicates: Montmorillonite (Kunipia 
(sodium exchange volume: 109 meqv/100 g) , product of 
Kunimine Kogyo Co., Ltd.) was used. The interlaminar 
distance was 12.6 A. 
[0060] 
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(2) Cat ion- exchange rate: This was determined based 
on weight reduction rate calculated by the following 
formula, upon heating to 8 0 0°C in an air atmosphere at 
20°C/min using a TG8120 differential thermogravimeter by 
Rigaku Corp. 

Ion-exchange rate (%) = {X/ (Y x M x (100-X) ) } x 100 
Herein, X is the reduction rate (%) measured with a 
differential thermogravimeter by Rigaku Corp., M is the 
molecular weight (g/mol) of the modifying agent (molecular 
weight of the phosphonium salt, herein) . Y is the cation- 
exchange capacity (eq/g) (109 meq/100 g in the case of 
Kunipia F) . 
[0061] 

(3) Weight ratio of thermoplastic resin and inorganic 
component of layered silicate in resin composition: This 
was determined based on weight reduction rate, upon heating 
to 800°C in an air atmosphere at 20°C/min using a TG8120 
differential thermogravimeter by Rigaku Corp. 

[0062] 

(4) Thermal decomposition temperature: This was 
determined as the temperature to 5 wt% weight reduction, 

with heating to 800°C in nitrogen at 20°C/min using a 
TG812 0 differential thermogravimeter by Rigaku Corp. 
[0063] 

(5) Layered silicate interlaminar distance and 
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average number of layers: This was calculated from the 
diffraction peak positions using a RAD-B powder X-ray 
diffracting device by Rigaku Corp. Calculation was 
performed using 0.9 as the Scherrer constant. 
[0064] 

(6) Reduced viscosity (r|sp/C) : The reduced viscosity 
was measured using a phenol/tetrachloroethane (4:6 weight 
ratio) solution at a concentration of 1.2 g/dL and a 
temperature of 3 5°C. 

[0065] 

(7) Specific surface area: The specific surface area 
was measured using N 2 gas in a NOVA 12 0 0 by Quantum Chrome 
Co., and divided by the weight of the sample. 

[0066] 

[Reference Example 1] Synthesis of 10 -bromodecamethylene 
phthalimide 

After placing 85 parts by weight of potassium 
phthalimide, 1008 parts by weight of 1 , 10 -dibromodecane and 
43 0 parts by weight of dimethylf ormamide (thoroughly 
dewatered) in a flask, the mixture was stirred and heated 
at 100°C for 20 hours. After heating, all of the volatile 
components were removed and the residue was extracted with 
xylene. The volatile component was distilled off from the 
extracted solution, and the residue was allowed to stand at 
room temperature to obtain 10 -bromodecamethylene 
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phthalimide crystals . 
[0067] 

[Reference Example 2] Synthesis of N- 

phthalimidedecamethylene-2 -heptaciecylimidazole bromide 

After stirring together 2 0 parts by weight of 2- 
heptadecylimidazole and 24 parts by weight of the 
phthalimidedecamethyleneimidazolium bromide obtained in 
Reference Example 1, stirring reaction was conducted for 8- 
10 hours at about 100°C to obtain N- 
phthalimidedecamethylene-2-heptadecylimidazole bromide 
(formula below) . 
[0068] 
[Chem. 8] 
C 917H35 9 ^\ 



HN ^N-(CH^^ 
O 



Br- 



[0069] 

[Reference Example 3] Synthesis of N- 
phthalimidedecamethylene-trioctylphosphonium bromide 

After stirring together 20 parts by weight of 
trioctylphosphine and 2 0 parts by weight of the 

phthalimidedecamethyleneimidazolium bromide obtained in 
Reference Example 1, stirring reaction was conducted for 8- 

10 hours at about 10 0°C to obtain 3ST- 
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phthalimidedecamethylene- trioctylphosphonium 



bromide 



(formula below) . 



[0070] 



[Chem. 9] 



r 



C8H17 

c 8 Hi7-P| + -(ch 2 )io-n; 

C 8 Hi7 j 



O 




Br- 



[0071] 

[Example 1] 

After placing 100 parts by weight of Kunipia F and 
3000 parts by weight of water in a flask, the mixture was 
heated and stirred at 8 0°C. To this mixture, there was 
added a solution of 83 parts by weight of PX416 by Nihon 
Kagaku Co. (formula below) : 
[0072] 
[Chem. 10] 



dissolved in 300 parts by weight of water, and the mixture 
was additionally stirred for 3 hours at 80°C. The solid 




Rr- 



C4H9 
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was filtered off from the mixture, washed three times with 
methanol and three times with water, and then freeze dried 
to obtain a cation-exchanged layered silicate. The ion- 
exchange rate was 92%. The specific surface area of the 
layered silicate obtained in this manner was 5.5 m 2 /g. 

[0073] 

[Example 2] 

A 20 part by weight portion of the cation-exchanged 
layered silicate obtained in Example 1 was dispersed in 400 
parts by weight of benzene and the dispersion was freeze 
dried. The specific surface area of the layered silicate 
obtained in this manner was 8.9 m 2 /g. 
[0074] 

[Example 3] Synthesis of cation-exchanged layered silicate 

After placing 100 parts by weight of Kunipia F, 3000 
parts by weight of water and 5 00 parts by weight of 
methanol in a flask, the mixture was heated and stirred at 
80°C. To this mixture, there was added a solution of 110 
parts by weight of the N-phthalimidedecamethylene-2- 
heptadecylimidazole bromide obtained in Reference Example 2 
dissolved in 3 00 parts by weight of methanol, and the 
mixture was additionally stirred for 3 hours at 8 0°C. The 
solid was filtered off from the mixture, washed three times 
with methanol and three times with water, and then freeze 
dried to obtain a cation-exchanged layered silicate. The 



41 



ion-exchange rate was 68%. The specific surface area of 
the layered silicate obtained in this manner was 5.3 m 2 /g. 
[0075] 

[Example 4] 

After placing 100 parts by weight of Kunipia F, 3000 
parts by weight of water and 5 00 parts by weight of 
methanol in a flask, the mixture was heated and stirred at 
8 0°C. To this mixture, there was added a solution of 12 0 
parts by weight of the N-phthalimidedecamethylene- 
trioctylphosphonium bromide obtained in Reference Example 3 
dissolved in 3 00 parts by weight of methanol, and the 
mixture was additionally stirred for 3 hours at 8 0°C. The 
solid was filtered off from the mixture, washed three times 
with methanol and three times with water, and then freeze 
dried to obtain a cation-exchanged layered silicate. The 
ion-exchange rate was 65%. The specific surface area of 
the layered silicate obtained in this manner was 5.5 m 2 /g. 
[0076] 

[Example 5] 

A 20 part by weight portion of the cation-exchanged 
layered silicate obtained in Example 4 was dispersed in 400 
parts by weight of cyclohexane and the dispersion was 
freeze dried. The specific surface area of the layered 
silicate obtained in this manner was 8.3 m 2 /g. 
[0077] 



42 



[0078] 
[Example 6] 

Poly (ethylene naphthalate) (reducing viscosity: 0.78) 
pellets and the layered silicate obtained in Example 1 were 
kneaded together using a counter-rotating twin-screw 
kneading extruder (Labo Plastomill 2D25S by Toyo Seiki) 
under conditions of an extrusion temperature of 2 8 0°C and a 
screw rotation rate of 15 0 rpm, followed by discharge and 
water cooling to obtain strand- like pellets of a polyester 
resin composition. The results for the obtained resin 
composition are shown in Table 2 below. The resin 
composition was also observed with a transmission electron 
microscope (Fig. 1) . As shown in this photograph, the 
layered silicate was very highly dispersed. The layered 
silicate layers were also separated. 
[0079] 

[Examples 7 to 10] 

Resin compositions were obtained in the same manner 
except that the layered silicate was changed to the layered 
silicates obtained in each of Examples 2-5. The results 
are shown in Table 2 . 

[0080] 



44 



[Table 2] 





Example 6 


Example 7 


Example 8 


Example 9 


Example 10 


Reduced viscosity 


T}Sp/C 


0.64 


0.63 


0.62 


0.64 


0.64 


Layered silicate 




Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Inorganic content 


% 


2% 


2 


2 


2 


2 


Melting point 


°C 


267 


268 


270 


270 


269 


Interlaminar distance 


nm 


2.7 


2.7 


2.5 


2.3 


2.5 


Average no. of layers 




4.3 


4.4 


4.7 


4.5 


4.3 
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[0081] 

[Example 11] Fabrication of films 

The strand- like chips obtained in Example 1 were 
dried at 170°C for 5 hours and supplied to an extruder 
hopper, melted at a melt temperature of 3 0 0°C and passed 
through a 1.3 mm slit-shaped die for extrusion onto a 
rotating cooling drum with a surface temperature of 8 0°C, 
to obtain an unstretched film. The unstretched film 
obtained in this manner was stretched to factors of MD x TD 

=4.0x4.0 at a temperature of 150°C to obtain a biaxially 
stretched film with a thickness of 15 jjm. The obtained 
biaxially stretched film was heat -fixed for one minute at 
205°C to obtain a polyethylene naphthalate/ layered silicate 
composite film. The Young's moduli of the obtained film 
was 8.7 GPa in the MD directions. 
[0082] 

[Comparative Example 1] 

A layered silicate was obtained in the same manner as 
in Example 1, except that the freeze drying was changed to 
vacuum drying at 15 0°C. The specific surface area was 
measured to be 1.70 m 2 /g. 

[0083] 

[Comparative Example 2] 

Poly (ethylene naphthalate) (reducing viscosity: 0.78) 
pellets and the layered silicate obtained in Comparative 
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Example 1 were kneaded together using a counter-rotating 
twin-screw kneading extruder (Labo Plastomill 2D25S by Toyo 
Seiki) under conditions of an extrusion temperature of 
2 8 0°C and a screw rotation rate of 15 0 rpm, followed by 
discharge and water cooling to obtain strand-like pellets 
of a polyester resin composition. The obtained pellets 
were observed with a transmission electron microscope (Fig. 
2) . The dispersibility of the layered silicate was also 
reduced. 

[Brief Description of the Drawings] 
[0084] 

[Fig. 1] Fig. 1 is an electron micrograph of the 
resin composition of Example 6. 

[Fig. 2] Fig. 2 is an electron micrograph of the 
resin composition of Comparative Example 1. 
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[Designation of Document] Abstract 
[Abstract] 

[Problems] To provide a resin composition comprising a 
thermoplastic resin in which a layered silicate is 
uniformly dispersed. 

[Means for Resolution] A layered silicate characterized by 
being ion-exchanged with an organic onium ion at 50-100% of 
its ion-exchange capacity, and by having a specific surface 
area of from 2.5 to 200 m 2 /g. A process for production of 
the layered silicate characterized in that the organic 
onium ion-exchanged layered silicate is freeze dried using 
a medium with a melting point of at least -20°C and below 
100°C. 

[Selected Drawing] None 
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